Objective: We undertook a population-based, case-control study to examine a dose-response relationship between alcohol intake and risk of ischemic stroke in Koreans who had different alcoholic beverage type preferences than Western populations and to examine the effect modifications by sex and ischemic stroke subtypes.
stroke risk than do beer or liquor drinkers. 6, 12 Types of alcoholic beverages and amounts of alcohol consumed may be different among races and between men and women. 13 To overcome the aforementioned limitations of previous studies in relation to Asian populations, we performed a case-control study based on a prospective multicenter stroke registry (Clinical Research Center for Stroke [CRCS] ) database 14 and a nationally representative health survey (Korea National Health and Nutrition Examination Survey [KNHANES]) database. 15 By using these large databases, we aimed to estimate thresholds of alcohol dose that may be protective or harmful for ischemic stroke and examine the effect modifications by sex and ischemic stroke subtypes in a Korean population.
METHODS Nine CRCS-affiliated hospitals in South Korea (from 7 cities: Seoul, Seongnam, Ilsan, Daejeon, Daegu, Gwangju, and Busan) participated in this population-based, casecontrol study. The fifth section of the CRCS project (CRCS-5) is dedicated to epidemiologic studies for characterizing the epidemiology of stroke and the status of stroke care in Korea. 16 In April 2008, 9 centers of CRCS-5, including both university hospitals and regional centers, began to construct a Web-based, prospective registry for acute stroke and the number of participating centers increased to 15 in 2014. Registered patients could be assumed to come from a representative sample of the entire stroke population since the distribution of age and sex in the CRCS-5 registry database was almost identical to that of a report from the National Health Insurance Review Board in Korea, which was published elsewhere. 16 During a similar period, the fourth (2007) (2008) (2009) ) and fifth (2010-2012) KNHANES was conducted by the Korean Center for Disease Control to investigate the health status of the Korean population through a multistage clustered probability sampling; the target population comprises noninstitutionalized Korean citizens residing in Korea. 15 We developed a case-control study about alcohol intake as a risk factor for ischemic stroke. Case patients came from the CRCS-5 registry database and control subjects were selected from the fourth and fifth KNHANES database.
Selection of cases and controls, standard protocol approvals, registrations, and patient consents. Cases were recruited from patients admitted to study hospitals for first-ever ischemic stroke between January 2011 and February 2013. Diffusion-weighted MRI in each patient confirmed the presence of acute infarction. If patients had altered consciousness or severe aphasia due to acute stroke, we interviewed family members or persons who lived with the patient and were knowledgeable about the patient's medical history and drinking habit. Patients who could not be interviewed and did not have a proper informant were excluded. All cases had given informed consent to participate in this study, and the local institutional review boards of the participating centers approved the study protocol. Controls were selected among those who were recruited to the KNHANES between 2007 and 2012. Cases and controls that were younger than 20 years and had history of stroke were excluded from the study. One case patient was matched to 2 control subjects for age (63 years), sex, and education years (0-6 years vs .6 years).
Alcohol consumption assessment. All participants including cases and controls completed an interview using the same structured questionnaire about alcohol intake. To estimate alcohol exposure, we questioned all cases and controls about the frequency of drinking, amount of alcohol consumed on each occasion, and the preferred type of alcoholic beverage during the past 12 months. The frequency of drinking was classified into 5 categories: 4 times or more a week, 2-3 times a week, 2-4 times a month, once a month, and less than once a month. The amount of alcohol intake and the type of alcoholic beverage in each occasion were recorded. Daily amount of alcohol intake was calculated according to the following formula: 1 drink 5 10 g ethanol, regardless of beverage type.
For Koreans, 2 native, popular alcoholic beverages are soju and makkoli. Soju is a distilled alcoholic beverage that contains 20% alcohol by volume. A glass of soju was 60 mL and a bottle of soju was 360 mL by container volume. The amount of pure alcohol was 9.6 g in a glass of soju using specific gravity of 0.8 to estimate the grams of ethanol. Makkoli is an unfiltered alcoholic beverage with 6% alcohol by volume.
Risk factors and adjustment. Risk factors were chosen for adjustment based on their relative importance in the primary prevention guidelines 17 and the comparability of their definitions between the CRCS-5 and KNHANES. Hypertension, diabetes mellitus, hyperlipidemia, smoking, coronary artery disease, and obesity were selected risk factors, and the definition of each has been described in our previous study. 16 Despite its importance as a stroke risk factor, atrial fibrillation was not included because the KNHANES did not gather this information. For cases, smoking was defined as a current smoker who had smoked at least one or more cigarettes in the last month, whereas for controls, a current smoker was defined as a person with a lifetime history of smoking $100 cigarettes and who smoked almost every day or occasionally. Body mass index was calculated from height and weight measured or self-reported. Education level was expressed as years of education completed.
Statistical analysis. Risk factors based on a prior study reporting a minimum odds ratio (OR) for ischemic stroke at 1 to 2 drinks, 5 a total of 1,200 cases and 2,400 controls was estimated to be needed to ensure a 90% of power of detecting an OR of 0.51 with a 2-tailed 5% level of significance and a ratio of controls to cases of 2 to 1. To ensure a sufficient number of control subjects to identify a dose-response relationship and to determine a threshold dose that may be protective for stroke, we extended control enrollment from 2012 (the latest year when the information about alcohol intake was available in the KNHANES database) to 2007.
Average daily alcohol consumption during the past 12 months was used as a main exposure variable. It was divided into 6 categories: (1) reference: no drink during the past 12 months; (2) light: less than 1 drink per day; (3) light to moderate: 1-2 drinks per day; (4) moderate: 3-4 drinks per day; and (5) heavy: 5 or more drinks per day. 5 A conditional logistic regression model was applied to this case-control study matched for age, sex, and education level, and adjusted ORs and 95% confidence intervals (CIs) were estimated for the frequency of alcohol consumption, the amount of alcohol consumed each time, and the average daily alcohol consumption (drinks). Those who had abstained from drinking during the past 12 months were used as a reference group.
To examine a nonlinear association between an amount of alcohol intake and the risk of ischemic stroke, a x 2 test for trend for a quadratic effect was performed.
Analyses were performed for all participants as well as for men and women, separately. Adjustments were made for conventional stroke risk factors such as age, hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease, body mass index, and current smoking. We examined whether the threshold dose may differ by subtype of ischemic stroke. Three subtypes, large artery atherosclerosis, small vessel occlusion, and cardioembolism, were chosen for the analysis based on the TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification with some modifications. 18 All statistical analyses were performed with SAS version 9.3 (SAS Institute, Carey, NC), and statistical significance was declared when a 2-tailed p value was ,0.05.
RESULTS During 25 months, 1,848 cases (mean age, 66.1 years; men, 58.9%) were enrolled and matched to 3,589 controls (figure 1). Among the 1,848 cases, 1,295 patients (70.1%) and 553 other informants (29.9%) completed the questionnaire about alcohol intake. The cases had a higher frequency of stroke risk factors (hypertension, diabetes, hyperlipidemia, coronary artery disease, and current smoking) than controls (table 1). The mean age of the cases was slightly higher than that of the controls (66.1 vs 65.5 years).
Nondrinkers were more common in the case group than in the control group (55.2% vs 39.6%), but cases, if they drank, did so more frequently and in larger amounts. Average alcohol consumption was higher in cases than controls. In the cases, about a third of drinkers had less than 1 drink per day and 40% of drinkers had 3 drinks or more per day, but in the controls, more than half of drinkers had less than 1 drink per day and only 20% of drinkers had 3 or more drinks per day.
The effect of lowering the odds of ischemic stroke by alcohol intake was observed up to 3-4 drinks (1 drink 5 10 g ethanol) per day independent of traditional stroke risk factors (table 2 and In men, the effect by alcohol intake persisted up through 3-4 drinks per day, whereas in women, it persisted up through 1-2 drinks per day (table 2 and figure 2 ). However, the interaction between sex and alcohol intake was not statistically significant (p 5 0.86). Graphic analysis for dose-response relationships between average alcohol intake and ischemic stroke reveals an overt threshold effect with narrow CIs for all subjects and men and a weak effect with wide CIs for women (figure 2). A nonlinear association between alcohol intake and the risk of ischemic stroke was observed for all (p for a quadratic effect ,0.0001), for men (p , 0.0001), and for women (p 5 0.0050).
The effect of lowering the odds of ischemic stroke by alcohol intake did not seem to be different among the 3 subtypes of ischemic stroke (table 3) , and there was no statistical interaction between alcohol intake and stroke subtype (p 5 0.50). Beverage type in the case group of drinkers is presented in table e-1 on the Neurology ® Web site at Neurology.org. Information on preferred alcoholic beverage was not available from the KNHANES database, and consequently in the controls. The most popular beverage type in the cases was soju (78.1%), a distilled alcoholic beverage with 20% ethanol by volume and similar to liquor, followed by makkoli (9.5%), an unfiltered wine made of rice or wheat with 6% ethanol by volume. Both beverages are native to Korea. Only 1.3% favored wine.
As a post hoc analysis, the effect of drinking pattern according to average alcohol consumption was examined. Drinking pattern was dichotomized into regular (4 times per week or more) and irregular (less than 4 times per week) among those drinking less than 5 times per week. In light or light to moderate drinkers, both regular and irregular drinking lowered the odds of ischemic stroke significantly, while in moderate drinkers with 3-4 drinks per day, regular drinking showed an adjusted OR (95% CI) of 0. Flowchart of enrollment of study participants *Matching of controls to case for age (63 years), sex, and years of education (0-6 years vs .6 years). Cases (n 5 107) were matched to one control subject (1:1). BMI 5 body mass index.
DISCUSSION
We found that alcohol intake of 3 or 4 drinks per day decreased the odds of ischemic stroke compared to no drinking, independent of conventional stroke risk factors. Heavy drinking ($5 drinks per day) tended to increase the odds, although the trend was not statistically significant mainly because of a small number of heavy drinkers in the study population. The results suggested a nonlinear association between alcohol intake and the risk of ischemic stroke. The Northern Manhattan Stroke Study reported a similar J-shaped association in a multiethnic population, and there was no significant interaction between race/ethnicity and alcohol consumption. 9 However, in large cohort studies in China and Japan, light drinking was associated with slightly lower stroke risk that did not reach statistical significance in the subgroup with ischemic stroke. [19] [20] [21] The inconclusive results may be attributable to inaccurate diagnosis of stroke types (ischemia vs hemorrhage). Imaging such as CT or MRI could not be performed in all participants. To avoid this limitation, we adopted a case-control study design and prospectively enrolled a large number of patients with infarction confirmed by diffusion-weighted imaging.
The type of alcoholic beverage may be a confounder. The components of wine, in addition to ethanol, are presumed to be responsible for the protective effect on risk of stroke. 6, 12, 22 However, this possible differential effect among the different types of alcoholic beverages was not confirmed in a multiethnic population. 5 In our study, Koreans favored drinking soju and makkoli, beverages native to Korea. 23 Soju is highly distilled ethanol made from sweet potatoes and tapioca, mixed with water, flavoring, and sweetener. It does not contain any other component, such as resveratrol or other antioxidants, that would have positive health effects. Makkoli is traditionally made from rice, although variations are made from wheat, and some brands are flavored with corn, chestnut, apple, or other produce. Its potential health effects have not been well studied. Japanese have an alcoholic beverage type similar to that used in Korean. In a middle-aged cohort of Japanese men, drinking up to 2 drinks per day was associated with a reduced risk of ischemic stroke. 24 Our results suggest that alcohol types other than wine could have protective effects on the risk of ischemic stroke in light to moderate drinkers.
Sex may also be a confounder in the relationship of alcohol consumption and stroke. Women are more likely to die at moderate to high levels of alcohol consumption, probably because of an increased risk of cancer. 25 Furthermore, women have lower gastric alcohol dehydrogenase activity than men, resulting in higher blood ethanol levels. 26 The American Heart Association/American Stroke Association guideline recommends alcohol intake of no more than 2 drinks per day in men and no more than 1 drink per day in nonpregnant women. 17 Our study shows a dose-response curve similar for both women and men when alcohol intake is light, but the curves differ with heavier alcohol intake. Furthermore, the effect of lowering the odds of ischemic stroke by alcohol intake disappears at lower doses in women than in men. In our study, although the interaction between sex and alcohol intake was not statistically significant, the threshold of alcohol intake differed by sex for risk of ischemic stroke. Our results show that the effect of light to moderate drinking was consistently observed regardless of ischemic stroke subtype (table 3) . However, prior studies have shown inconsistencies. The protective effect of moderate alcohol intake was not different between superficial and deep cerebral infarctions in a case-control study from Spain. 27 In the Northern Manhattan Study, reduction of risk was not evident for atherosclerotic stroke but was for nonatherosclerotic stroke. 28 In Japanese middle-aged men, a lower risk of ischemic stroke, more specifically lacunar infarcts, was observed among light to moderate drinkers. 24 These inconsistent findings may be attributable to a limited number of patients according to ischemic stroke subtype, weakening possible associations in underpowered studies. Applying different criteria for subtype classification could be another explanation. A further confirmative study with a sufficient sample size is warranted.
This study has several limitations. Cohort studies provide stronger evidence about strength of association between an exposure of interest and a disease. Case-control studies are usually less robust at showing an association, as they are more prone to bias than cohort studies. In our study, a large proportion of patients with severe stroke and aphasia were excluded because of lack of information on alcohol intake. However, if a well-informed family member or other informant could provide valid information, the patient was enrolled.
We matched controls to cases by age, sex, and education level. Some of the oldest cases (.80 years) were not successfully matched; therefore, cases who were too old to match were excluded from the study. A relatively small number of heavy alcohol consumers ($7 drinks per day, less than 5%) were enrolled in Table 2 Effects of average daily alcohol consumption 
Figure 2
Relationship between alcohol intake and ischemic stroke in a logit scale this study. Therefore, we were not able to find an association with stroke when there was high alcohol consumption. The issue of binge drinking was not addressed in our study. 23 We also explored the relationship between regular, more moderate daily alcohol consumption and heavier drinking during a circumscribed period (e.g., weekends) because drinking patterns may differ among individuals with the same average weekly alcohol consumption. From a physiologic perspective, one might expect a lower risk of stroke associated with regular daily light or moderate intake than with binge drinking. 29 Our post hoc analysis showed that in moderate drinkers who had an average of 3 or 4 drinks per day, the beneficial association of alcohol intake on ischemic stroke disappeared if the drinking pattern was irregular, whereas at lower or more modest alcohol consumption levels, whether regular or irregular, there was a lower risk.
We defined nondrinker status during the past 12 months as the reference drinking level. It has been suggested that combining lifetime abstainers with former heavy drinkers who became abstinent for health reasons might bias the results of protection conferred by abstinence.
Finally, it should be noted that there were some discrepancies in definitions of certain risk factors for adjustment between cases and controls. Especially for smoking, the discrepancy might lead to overestimation of the prevalence of current smoking in controls, followed by weakening of the strength of association between smoking and ischemic stroke, and eventually inadequate adjustment as a confounder if we assume the significant dose-dependent relationship between alcohol consumption and cigarette smoking. 8 Despite these limitations, our findings suggest that light to moderate alcohol intake may be associated with a reduced risk of ischemic stroke in a Korean population with a different favored type of alcoholic beverage than in most countries.
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